Crop residues have the potential to enhance soil fertility, but this is dependent on their biochemical quality. A study was conducted at the National Semi-Arid Resources Research Institute-Serere, Uganda to determine the chemical composition, nutrient release patterns and rates of selected crop residues. The design used was randomized complete block design with four replications. The treatments comprised of 20g of finger millet, sorghum, cowpea and groundnut crop residues. Finger millet had the highest initial C (36.28%) and N (3.46%), cowpea had the highest initial P (0.60%) and Ca (0.30%) and groundnut shells had significantly the highest initial K (1.01%). Finger millet husks with the lowest carbon/nitrogen ratio, had significantly the highest rate of dry matter disappearance and nutrient release, while groundnut shells with the highest carbon/nitrogen and carbon/phosphorus ratios had significantly the lowest nutrient release and dry matter disappearance rates. At the end of incubation, finger millet husks had significantly the lowest N (0.29%) and C (10.22%), while cowpea husks had the lowest P (0.27%), K (0.18%) and Ca (0.27%). Nutrient release and dry matter disappearance rates of crop residues occurred in the order of N > K > P > Ca and finger millet husks > cowpea husks > sorghum husks > groundnut shells, respectively. This study has demonstrated that finger millet husks released nutrients faster and this is beneficial for early planted crops, while groundnut shells released nutrients slowly which is appropriate for long term availability of plant nutrients.
Introduction
Crop yields in north eastern Uganda are highly variable and substantially affected by low levels of soil fertility and moisture retention (Engoru et al., 2001; Elmahdi et al., 2007) . Soils in north eastern Uganda are specifically low in N, P and K to meet the optimum requirements for crop growth. The situation is aggravated by inability of farmers to apply mineral fertilizers owing to highly prohibitive costs (Tenywa et al., 1999) . Incorporation of crop residues into soil has the potential to provide a balanced supply of plant nutrients for crops (Hegde, 1998; Deshmukh et al., 2002) .
Crop residues have a significant amount of organic matter and plant nutrients (Surekha et al., 2003) . However, crop residue benefits are only realized upon their decomposition and subsequent nutrient release which are influenced by their biochemical quality (Mubarak et al., 2002; Igbal, 2009 ). The quality of crop residues as a source of nutrients for plants depends on their nutrient concentration and amounts released on decomposition (Mwangi et al., 2013) . Decomposition of plant residues is influenced by critical levels of C, N and P (Cleveland et al., 2007) . At the initial stages of decomposition of plant residues, N and P are not usually readily available to meet requirements of agents of decomposition. Consequently, available N and P in the soil may be immobilized by the agents of decomposition. These are then only released when their concentrations in the plant residues reach critical levels to enable transition from immobilization to mineralization (Berg et al., 2003; Moore et al., 2006; Parton et al., 2007) .
Finger millet, sorghum, cowpea and groundnut crop residues produced by farmers in north eastern Uganda are neither fed to livestock nor applied to crop fields. Instead, they are burnt at the patio where they are usually collected after threshing. Crop residues added to the soil decompose and release significant levels of nutrients such as N, P and K (Scagnozzi, 1997; Bauder, 2000) . However, inadequate information exists regarding the value of groundnut shells and husks of finger millet, sorghum and cowpea as sources of plant nutrients for crop production in north eastern Uganda. Consequently, studies were conducted to determine the chemical composition, decomposition and nutrient release rates of millet, sorghum, cowpea and groundnut crop residues in semi-arid north eastern Uganda.
Materials and Methods

Study Site
This study was conducted at the National Semi-Arid Resources Research Institute (NaSARRI), Serere, Uganda. NaSARRI is located at 0 o 32′N and 35 o 27′E at 1128 meters above sea level. The site experiences an average annual minimum temperature of 17.9 o C and a maximum temperature of 29.4 o C. It receives an average annual rainfall of 1000 mm with a bimodal distribution. The relative humidity ranges between 72% and 84%. The months of January to February and June to July receive little precipitation. However, the months of March to May and August to November are generally wetter with significant precipitation.
Treatments and Experimental Design
The treatments comprised of groundnut shells and husks of sorghum, finger millet and cowpea, laid out in a randomized complete block design and replicated four times. Pot and litter bag technique was used for this study (Fosu et al., 2007) . Finger millet, sorghum, cowpea and groundnut crop residues were air dried and crushed into small particles and 20 g of each crop residue was put in 16 separate litter bags measuring 20 cm × 20 cm with 0.30 mm mesh. This constituted four sets of litter bags for each crop residue. Each of the four sets of litter bags containing each crop residue were placed in a plastic pot with a perforated base measuring 30 cm diameter and height 25 cm and filled with 10 kg of high moor peat soil. The litter bags were placed vertically at 5 cm under the surface of the soil. A basin was placed underneath each pot and water level was maintained at 2-3 cm depth. The crop residues were incubated for four months. Four litter bags containing each crop residue were removed from each pot at a four-week interval and oven dried at 60 o C to constant weight and put in well labeled bags for laboratory analysis. The crop residues of finger millet, sorghum, cowpea and groundnut were got from seremi 2, seso 3, secow 2 and serenut 2 crop varieties, respectively.
Data Recording
The non-decomposed and decomposed crop residues were analyzed for dry matter content, total organic carbon (C), nitrogen (N), phosphorus (P), potassium (K) and calcium (Ca) at the Animal Science Laboratory-Makerere University. The percentage of dry matter loss for each crop residue was calculated using the equation: M l (%) = [(M 0 -M a )/M 0 ] × 100; where M 0 = initial crop residue dry mass before incubation, M a = the dry mass of crop residue remaining in the litter bag at sampling time during and at the end of incubation period and M l = dry mass loss (Nahrawi et al., 2011) . Total N was determined by the Kjeldahl procedure (Nelson & Sommers, 2010) , available P was determined using the Mehlich procedure and K was determined using the Flame photometry method. Calcium concentration in crop residues was determined by the titration procedure using standard EDTA solutions (Tucker et al., 1961) . Organic carbon content in crop residues was determined using the dichromate oxidation procedure by Walkley-black (Nelson & Sommers, 2010) . The percentage of dry matter and nutrients remaining at each sampling stage during incubation was expressed as the ratio of the quantity of dry matter or nutrient at sampling to the initial content. The disappearance rate constants for dry matter were determined by getting the difference of dry matter quantity remaining between two successive sampling intervals over the incubation period. Similarly, the disappearance rate constant for nutrients was determined by getting the difference of nutrient quantity remaining between two successive sampling intervals over the incubation period (Njunie et al., 2004) . Decomposing crop residues were sampled at four week intervals during 16 weeks' incubation period.
Data Analysis
Collected data were subjected to analysis of variance (ANOVA) using Genstat statistical package 13 th edition, 2013. The means were compared using the least significant difference (LSD) test at p ≤ 0.05. Regression analysis was performed to determine the relationship between the crop residues, and C/N ratio and C/P ratio, respectively, and the release of N, P, K, and Ca nutrients from crop residues.
Results
Chemical Composition of Finger Millet, Sorghum, Cowpea and Groundnut Crop Residues Prior to Incubation
Finger millet husks had higher carbon (36.28%) and nitrogen (3.46%) contents and lower C/N ratio (10.45) than other crop residues (Table 1) , while cowpea husks had significantly (P ≤ 0.05) higher P (0.60%) and Ca (0.30%) contents and lower C/P ratio (57.23) than other crop residues (Table 1) . Groundnut shells had significantly (P ≤ 0.05) lower P (0.07%) and higher K (1.01%) compared to other crop residues whose K contents ranged from 0.33 to 0.55% (Table 1) . Crop residues varied in carbon content in the order of finger millet > cowpea > groundnut > sorghum, N content and C/N ratio in the order of finger millet > cowpea > sorghum > groundnut and C/P ratio in the order of cowpea > finger millet > sorghum > groundnut. Contents of C, N, P, K and Ca in crop residues varied in the ranges of 32.08 to 36.28%, 1.80 to 3.46%, 0.07 to 0.60%, 0.33 to 1.01% and 0.11 to 0.30%, respectively. Carbon/nitrogen and C/P ratios of crop residues varied in the range of 10.45 to 17.94 and 57.23 to 469.0, respectively. Note. C/N = Carbon/nitrogen ratio and C/P = Carbon/phosphorus ratio.
Carbon, Nitrogen, Phosphorus, Potassium and Calcium Contents of Finger Millet, Sorghum, Cowpea and Groundnut Crop Residues at 4, 8, 12 and 16 Weeks after Incubation
Crop residues were significantly different (P ≤ 0.05) in C, N and K contents at the different sampling stages during incubation (Table 2) . However, crop residues varied significantly (P ≤ 0.05) in P content at only 16 weeks after incubation (Table 2 ). In contrast, crop residues did not significantly vary (P ≤ 0.05) in Ca content during incubation. Finger millet husks were significantly (P ≤ 0.05) lower in C and N contents than other crop residues at most sampling stages; whereas groundnut shells were significantly (P ≤ 0.05) higher in C, N and Ca contents at most sampling stages than other crop residue treatments (Table 2) . Sorghum husks retained significantly (P ≤ 0.05) higher P levels than other crop residues at all stages of sampling (Table 2) . Cowpea husks were significantly (P ≤ 0.05) lower in K content than other crop residues at all stages of sampling, while P content was significantly (P ≤ 0.05) lower at only 16 weeks after incubation (Table 2) . Carbon, N, P and K contents in crop residues showed a decreasing trend during incubation. Crop residues varied in C, N, P and K contents remaining after incubation in the order of groundnut > sorghum > cowpea > finger millet, groundnut > sorghum > cowpea > finger millet, sorghum > finger millet > groundnut > cowpea and finger millet > groundnut > sorghum > cowpea, respectively. Note. WAI = weeks after incubation and NS = Not significant.
Dry Matter of Millet, Sorghum, Cowpea and Groundnut Crop Residues Remaining at 4, 8, 12 and 16 Weeks during Incubation
The remaining mass of millet, sorghum, cowpea and groundnut crop residues showed a significant (P ≤ 0.05) relationship with time. The regression line of the remaining dry matter of crop residues best fitted a single exponential model and showed the extent to which the independent variable (time) influenced the dependent variable (remaining mass). Dry matter mass remaining showed a similar pattern for all the crop residues in that it declined faster at the initial phase of decomposition than towards the end of incubation (Figure 1 ). The exponential curve for millet had the highest coefficient of determination (R 2 = 0.9838) and decay rate constant (K = 0.273) compared to other crop residues, while groundnuts had the lowest coefficient of determination (R 2 = 0.9551) and decay rate constant (K = 0.048) compared to other crop residues (Figure 1) . Crop residues had dry matter loss in the order of finger millet > cowpea > sorghum > groundnuts (Figure 1 ). Crop residues differed significantly (P ≤ 0.05) in dry matter, N and K disappearance rates at 4, 8, 12 and 16 weeks after incubation (Table 3) . However, crop residues were not significantly variable (P ≤ 0.05) in P and Ca disappearance rates at all sampling periods during incubation (Table 3 ). Finger millet husks had significantly (P ≤ 0.05) higher dry matter disappearance rates than all other crop residues at all sampling stages during incubation. In contrast, groundnut shells were significantly (P ≤ 0.05) lower in dry matter disappearance rates than all other crop residues at all the sampling intervals (Table 3) . At all the sampling intervals, finger millet husks had the highest N disappearance rates compared to all other crop residues (Table 3) . Conversely, sorghum husks had significantly (P ≤ 0.05) lower N disappearance rates than all other crop residues at all the sampling intervals (Table 3 ). Potassium disappearance rates of sorghum husks were significantly (P ≤ 0.05) higher than for other crop residues at 4 and 16-week sampling intervals; whereas K disappearance rates of cowpea husks were significantly (P ≤ 0.05) higher than for all other crop residues at 8 and 12-week sampling intervals. Finger millet husks had significantly (P ≤ 0.05) the lowest K disappearance rates at all sampling periods compared to other crop residues. Crop residues showed similar disappearance patterns of N and K, where both nutrients disappearance rates increased from the 4th week up to the 16 th week (Table 3) . Mean nutrient and dry matter disappearance rates in crop residues varied in the order: K > N > P > Ca and finger millet > cowpea > sorghum > groundnut respectively. Nitrogen, phosphorus and potassium release rates of crop residues occurred in the order of finger millet > cowpea > groundnut > sorghum, cowpea > groundnut > finger millet > sorghum and sorghum > cowpea > groundnut > finger millet, respectively. Note. NS = not significant, LSD = least significant difference and WAI = weeks after incubation.
Relationship between Decomposition and Nutrient Release Rates, and Carbon/Nitrogen Ratio of Crop Residues
Linear regression curves between C/N ratio and disappearance rates of N, P and K showed negative relationships (Figure 2a) . Linear regression analysis revealed that dry matter disappearance and nutrient release rates increased with decline in C/N ratio (Figures 2a and 2b) . In contrast, linear regression analysis showed that Ca release rate was not significantly (P < 0.05) affected by C/N ratio (Figure 2a) . The regression coefficients between C/N ratio jas.ccsenet.org Vol. 9, No. 6; 2017 and N release rate (R 2 = 0.515*) and C/N ratio and dry matter disappearance rate (R 2 = 0.718*) were higher than for K (R 2 = 0.023), P (R 2 = 0.0169) and Ca (R 2 = 0.00064) release rates (Figures 2a and 2b ).
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Relationship between Dry Matter Disappearance and Nutrient Release Rates, and Carbon/Phosphorus Ratio of Crop Residues
Linear regression curves between C/P ratio and disappearance rates of Ca and dry matter showed negative relationships (Figures 3a and 3b) . Linear regression analysis revealed that dry matter disappearance and Ca release rates increased with decline in C/P ratio (Figures 3a and 3b ), while N, P and K were not affected by changes in C/P ratio. Linear regression analysis showed that C/P ratio significantly (P ≤ 0.05) affected dry matter disappearance rate, but had no significant effect on N, P, K and Ca release rates (Figure 3b ). The regression coefficients between C/P ratio and dry matter disappearance rate (R 2 = 0.830*) was higher than for N (R 2 = 0.017), P (R 2 = 0.009), K (R 2 = 0.012) and Ca (R 2 = 0.007) release rates (Figures 3a and 3b) . 
Discussion
Finger millet, sorghum and cowpea husks had initial N and P levels in the range of 2.8 to 3.5% and 0.45 to 0.60%, respectively. These figures are above the critical levels of N (2.5%) and P (0.12 to 0.19%) required for the plant residues to transit from immobilization to mineralization (Hoorman et al., 2010) . The C/N and C/P ratios of 10.45 to 11.54 and 57.23 to 71.29 of the three crop residues were below the critical values of 20:1 and 300:1, respectively, required for plant residues to transit from immobilization to mineralization (Hoorman et al., 2010) . Therefore, it is evident that the three crop residues had the potential to decompose faster than groundnut shells that had P content (0.07%) below the critical level of 0.12 to 0.19% and C/P ratio above the critical level of 300:1 required for the plant residues to transit from immobilization to mineralization (Darrell., 2013) . The low P level in groundnut shells causes initial immobilization of nutrients during incubation resulting in a low decomposition rate. Previous reports indicate that plant residues with low biochemical quality tend to initiate decomposition slowly due to immobilization of nutrients especially N at the early phase of their decomposition (Baggie et al., 2005; Fosu et al., 2007) .
Groundnut shells and husks of finger millet, sorghum and cowpea differed significantly in C, N, P, K and Ca levels at different sampling stages during incubation. This is most likely due to differences in their nutrient release rates caused by the differences in their biochemical quality, and C/N and C/P ratios. Song et al. (2012), Kriauciuniene et al. (2012) and Munthali et al. (2015) reported that initial N and P concentrations in leaf litter, and C/N and C/P ratios were the most critical variables in influencing decomposition of plant residues. Finger millet husks had significantly lower concentration of N (0.29%) and C (10.22%) at the end of incubation than other crop residues, while groundnut shells had significantly higher organic C and N remaining at the end of incubation compared to other crop residues. This is an indication that finger millet husks decomposed and released C and N faster, while groundnut shells decomposed and released C and N slowly during incubation. This is further informed by a higher coefficient of determination (R 2 = 0.9838) and decomposition rate constant (K = 0.273) of finger millet than other crop residues, while groundnut shells with a lower coefficient of determination (R 2 = 0.9551) and decomposition rate constant (K = 0.048) compared to other crop residues shows that it decomposes slowly. The faster decomposition of finger millet is attributable to its higher initial N and lower C/N ratio relative to other crop residues, while groundnut shells with a slower decomposition rate is attributable to its lower initial N and higher C/N ratio relative to other crop residues. Cowpea husks had significantly lower P (0.27%) and K (0.18%) remaining at the end of incubation compared to other crops, and followed finger millet husks in C (15.55%) and N (0.30%) remaining at the end of incubation. This shows that cowpea husks are faster in releasing P and K during decomposition than other crop residues, and also relatively faster in the release of C and N during decomposition than sorghum husks and groundnut shells. This could be a consequence of its high initial N (3.14%) and P (0.60%) that could have reduced its C/N and C/P ratios. Bauder et al. (2000) and Fosu et al. (2007) reported that higher C/N ratio tends to slow down decomposition and nutrient release by plant residues resulting in high amounts of nutrients remaining over a long time. Sorghum had significantly lower K (0.19%) remaining at the end of incubation than finger millet husks and groundnut shells. This could be attributed to its lower initial K content (0.33%) than other crop residues.
Dry matter content and levels of N, P and K in millet, sorghum, cowpea and groundnut crop residues decreased with increase in incubation. This could be attributable to mineralization. Scagnozzi et al. (2009) reported that during decomposition of plant residues N, P and K nutrients are released and dry matter loss occurs. The quantity of dry matter of crop residues remaining declined faster at the initial phase of incubation as observed on Figure 1 . This could be attributed to the presence of high levels of labile materials that are susceptible to microbial degradation during the initial phase of incubation and accumulation of recalcitrant substances in the later phases of incubation that are resistant to microbial breakdown. Baker et al. (2001) and Jacob et al. (2010) reported that litter decomposes faster at initial phase due to its good biochemical quality and slows down with time due to accumulation of recalcitrant compounds.
Linear regression analysis showed an inverse relationship between crop residue C/N ratio and dry matter disappearance rates as well as N, P, K release rates. It similarly showed an inverse relationship between crop residue C/P ratio and Ca release, and dry matter disappearance rates. This implies that during the decomposition of crop residues, a slower release of N, P and K occurs at higher C/N ratios than at lower C/N ratios. Similarly, a higher crop residue C/P ratio results in slower release of Ca than from a lower crop residue C/P ratio (Kriauciuniene et al., 2012) . Non-negative linear regression relationship between C/N ratio and Ca release rate and between C/P ratio and N, P and K release rates could possibly mean that Ca release is only influenced by C/P ratio, while N, P and K are only affected by C/N ratio.
Conclusion
This study has demonstrated that finger millet husks and cowpea husks with higher N and P contents and lower C/N ratio and C/P ratios have a potential to supply higher amounts of N and P nutrients faster. This could be beneficial for fast growing and early planted crops. In contrast, groundnut shells with a lower N content, but higher C/N ratio release nutrients slowly which would be beneficial for longer availability of the nutrients. Nitrogen is released faster than other nutrients during decomposition, while Ca is released slowly compared to other nutrients during decomposition. Under intercropping planting system, early maturing intercrops would benefit from nutrients released by finger millet and cowpea husks, while late maturing intercrops would benefit more from nutrients released by groundnut shells.
